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(54) Radio apparatus 

(57) In a radio apparatus, the band of a loop filter 
(1151,1152) of a synthesizer in a blank channel search- 
ing state is wider than the band in a communicating 
state. In addition, a radio wave environment is meas- 
ured. A characteristic necessary for the radio apparatus 
is determined corresponding to the measured radio 
wave environment. The power is controlled correspond- 
ing to the performance of the radio apparatus. Thus, the 
power consumption is decreased. In addition, the effi- 
ciency of the output power is improved. In the radio ap- 
paratus, the current consumption of a power amplifier 
(PA) is measured. A matching circuit (LNA or MIX) of 
the antenna is adjusted with the measured result so as 



to decrease an antenna loss. In the radio apparatus, a 
DC offset is removed from the transmitted power and 
the reflected wave. When the DC offset is removed us- 
ing an AC coupling capacitor, the deterioration of the 
frequency characteristic of the receiving portion is com- 
pensated with a capacitor in a digital signal process. In 
the radio apparatus, a transmission power detecting 
portion is structured as an IC chip. The transmission 
power detecting portion detects the transmission power 
corresponding to leakage currents in the power supply 
of the IC chip and the ground. Thus, when the power is 
detected, a power loss is suppressed. Consequently, 
the power consumption of the radio apparatus can be 
decreased. 
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Description 

The present invention relates to a radio apparatus 
such as a portable radiotelephone apparatus. 

In recent years, an increasing number of portable 
radiotelephone apparatuses (hereinafter referred to as 
portable telephone apparatuses) have been used. I n ad- 
dition, portable telephone apparatuses that are small 
and that have high performance have been aggressively 
developed. 

Current developingtrends of portable telephone ap- 
paratus are for example small size for high portability, 
low power consumption for long time operation, and 
high linearity for high resistance against disturbing 
waves. 

Currently, studies for solving problems necessary 
to accomplish such features have been performed. 

Next, problems of the current portable telephone 
apparatus will be described in the order of a receiving 
portion, a synthesizer (namely, a local oscillator), a 
transmitting portion, and an antenna. 

First, problems of the receiving portion will be de- 
scribed. 

The receiving portion has two problems. As a first 
problem, the current consumption of the portable tele- 
phone apparatus is large. As a second problem, when 
a signal is received, a DC offset takes place, resulting 
in causing the reception characteristic of the portable 
telephone apparatus to deteriorate. 

Since the reception characteristic of the portable 
telephone apparatus should always satisfy the required 
performance, the reception characteristic is designated 
so that the portable telephone apparatus properly oper- 
ates in the worst radio wave environment. An example 
of the worst radio wave environment is a situation of 
which an unnecessary signal defined as a mutual mod- 
ulation characteristic or a selectivity of adjacent chan- 
nels is present. In other words, when an unnecessary 
signal other than a necessary signal is present in a sys- 
tem band, the level of the unnecessary signal is the max- 
imum value of which a desired bit error rate defined in 
-the system is satisfied. 

Generally, to satisfy the standard value of the sys- 
tem in the worst radio wave environment, the radio ap- 
paratus should properly operate in the worst condition. 
Thus, in other than the worst radio wave environment, 
the portable telephone apparatus operate with the per- 
formance that satisfies the worst condition. To satisfy 
the standard in case of the worst radio wave environ- 
ment, the receiving portion of the portable telephone ap- 
paratus should have linearity. In other words, the distor- 
tion of the receiving portion should be decreased so that 
the standard is satisfied. This problem relates to cur- 
rents that flow in circuit blocks of the receiving portion 
(such as a low noise amplifier and a frequency convert- 
er). 

Generally, to improve the linearity of a circuit, the 
operating current thereof should be increased. Thus, the 



power consumption of the portable telephone apparatus 
considered for the worst radio wave environment exces- 
sively increases. This is because the portable telephone 
apparatus is not always in the worst radio wave environ- 
5 ment. In other words, the portable telephone apparatus 
normally operates inotherthan the worst radio wave en- 
vironment. 

Next, the second problem of the receiving portion 
(namely, when a signal is received; a DC offset causes 

10 the reception characteristic to deteriorate. 

Generally, in an active circuit such as a frequency 
converter, a low frequency filter, or a low frequency am- 
plifier used in the receiving portion of the portable tele- 
phone apparatus, the output signal thereof overlaps with 

is a desired signal, thereby generating a DC component. 
Such a DC component is generated by a self -mixing op- 
eration. 

As the simplest technique for removing the DC com- 
ponent, an AC coupling capacitor may be connected to 

20 the output stage of the active circuit. In this case, part 
of the desired signal component is deleted. In other 
words, a notch takes place. 

Thus, a carrier-to-noise (C/N) characteristic may be 
improved for an FSK signal with a high modulation index 

25 of which a desired signal component is small in the vi- 
cinity of the DC region. 

A technique for removing a DC offset using an AC 
coupling capacitor has been proposed. This technique 
can be effectively used for a two-value FSK signal with 

30 a high modulation index for pagers. Since a signal com- 
ponent in the vicinity of the DC region is small, the AC 
coupling capacitor does not largely attenuate a signal 
component. 

However, in an FSK signal and a four-value FSK 
35 signal that have been used for high speed data trans- 
mission in recent years and that have low modulation 
indexes, since there are many signal components in the 
vicinity of the DC region, the second problem cannot be 
practically solved. 
40 Such a DC offset that takes place in the receiving 
portion has a problem in the heterodyne system. This 
problem is much serious in the direct conversion system 
that has been used in the mobile communication field in 
recent years. The problem ol the DC offset in the direct 
45 conversion system has different features from the prob- 
lem in the heterodyne system. Next, the features of the 
problem in the direct conversion system will be de- 
scribed. , 

In the direct conversion system, an external radio 
50 signal (RF signal) and a local signal with the same fre- 
quency thereof are sent to a mixer so as to directly con- 
vert an RF signal into a baseband signal. 

When the mixer is mathematically ideal, the isola- 
tion between each terminal is infinite. Thus, a signal sup- 
55 plied to a particular terminal does not take place at other 
terminals. 

However, since a mixer used in the direct conver- 
sion type portable telephone apparatus does not have 
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an infinite isolation, a local signal of the portable tele- 
phone apparatus is radiated from the antenna. The local 
signal radiated from the antenna is reflected by an ex- 
ternal reflector. The reflected signal is received by the 
antenna and then sent to the mixer. Since the frequency 
of the signal that is sent to the mixer from the antenna 
is the same as the frequency of the local signal, a mul- 
tiplying operation as a mixing function causes a DC 
component (namely, a DC offset) to take place at a base- 
band output terminal. 

Since the DC offset varies depending on the amount 
of reflection of the local signal (namely, a reflector in the 
vicinity of the antenna), this DC offset more adversely 
affects the reception characteristic than a DC offset of 
the portable telephone apparatus and a DC offset of an 
active device. 

Since the direct conversion type portable telephone 
apparatus is small, the user carries it with his/her hand, 
bag, and pocket, the situation of an external reflector 
varies time by time. Thus, since the amount of reflection 
of a local signal varies time by time, the DC offset varies 
time by time. Since the DC offset cannot be suppressed, 
the reception sensitivity deteriorates. 

To compensate the DC offset, a capacitor may be 
disposed in a downstream circuit. Since the capacitance 
of the capacitor is constant, a time-varying transient re- 
sponse of the DC offset largely affects a reception error 
rate. 

Thus, the conventional receiving portion cannot 
solve the two problems with respect to the low current 
consumption and the improvement of the reception 
characteristic. In particular, the problems in the direct 
conversion system are severer than the problems in the 
heterodyne system. 

Next, the problem of the synthesizer of the conven- 
tional portable telephone apparatus will be described. 

In the conventional portable telephone apparatus, 
a frequency synthesizer is used. The frequency synthe- 
sizer comprises a reference oscillator, a reference fre- 
quency divider, a phase comparator, a loop filter, a VCO, 
and a comparing frequency divider. The frequency of the 
- comparing frequency divider is varied from N1 to N2 so 
as to switch a frequency. The frequency switching time 
depends on a natural angular frequency con and a dump- 
ing coefficient £ of the loop of the loop filter. When the 
natural angular frequency and dumping coefficient are 
selected for a stable oscillation frequency and low noise, 
the frequency switching time becomes long. 

The frequency synthesizer of this type should have 
a low phase-to-noise characteristic, the frequency 
switching time becomes long. Thus, when the conven- 
tional frequency synthesizer is used for a TDMA type 
portable telephone apparatus, the apparatus cannot 
search a blank channel using a blank slot in the com- 
municating state. 

Next, the transmitting portion of the conventional 
portable telephone apparatus will be described. 

The transmitting portion of the conventional porta- 



4 

ble telephone apparatus comprises a frequency con- 
verter, a variable attenuator, a power amplifier, a trans- 
mission power controlling circuit, a transmission/recep- 
tion switch, a band pass filter, a directional coupler, and 

s a power detector. The frequency converter, the variable 
attenuator the power amplifier, the transmission power 
controlling circuit, the transmission/reception switch, 
and so forth can be easily structured as an IC device. 
Thus, the sizes of these structural parts have been de- 

10 creased corresponding to the advancement of the IC 
technologies. 

However, since it is difficult to structure the band 
pass filter and the directional coupler as an IC device, 
these parts should be mounted on a mother board. 

15 For example, the directional coupler is a chip part 
with a size of 5 mm x 5 mm. On the other hand, the 
power detector is structured as a diode switch having a 
diode, a capacitor, a resistor, and so forth. Due to the 
mounting areas of the diode, capacitor, resistor, and so 

20 forth, the size of the power detector exceeds 5 mm x 5 
mm. 

Thus, unlike with the requirement of the size reduc- 
tion, the volume of the portable telephone apparatus ad- 
versely increases. In addition, since the directional cou- 

25 pier wastes an output power, the output power of the 
power amplifier should be increased so as to compen- 
sate the wasted power. Consequently, the power con- 
sumption of the transmitting portion increases. 

Next, the problems of the antenna of the conven- 

30 tional portable telephone apparatus will be described. 

To improve the portability of the portable telephone 
apparatus, the sizes of the battery and antenna have 
been remarkably decreased. However, the size of the 
circuit of the portable telephone apparatus has not been 

35 sufficiently decreased. Thus, considering the decrease 
of the overall size of the portable telephone apparatus, 
the size of the antenna should be further decreased. 

On the other hand, there are problems of the body 
of the user against the antenna. The body of the user 

40 absorbs or scatters a radio frequency wave. In addition, 
the body causes the operating impedance of the anten- 
na to vary. From a view point of a radio frequency, the 
body functions as a radio wave absorber with a high di- 
electric constant. Thus, the body of the user causes the 

45 radiation characteristic of the antenna to deteriorate. 

Since the size and thickness of the portable tele- 
phone apparatus have been decreased, the ear of the 
user tend to further approach to the antenna, resulting 
in causing the antenna characteristic to further deterio- 

50 rate. 

As one of factors of such a deterioration, the body 
of the user causes the impedance of the antenna to fluc- 
tuate. This situation will be described assuming that the 
antenna is used for transmitting a signal. 
55 To cause the antenna to radiate a radio wave, a 
power should be supplied to the antenna. The optimum 
condition of the power supplied to the antenna is in that 
the impedance of the feeder line is equal to the imped- 
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ance of the antenna. When the impedance of the anten- 
na fluctuates from its optimum value, a power on the 
feeder line is reflected at the input edge of the antenna 
to the transmitting amplifier. This reflection sometimes 
causes the amplifier to oscillate. 

Next, a technique that can solve such problems and 
that can be easily analogized and problems involved in 
the technique will be described. 

To suppress the power from being reflected at the 
input edge of the antenna, the frequency band of the 
antenna is widened. In other words, even if the input im- 
pedance fluctuates due to the approaching of the body 
of the user, the fluctuation of the wide frequency band 
antenna is smaller than that of a narrow frequency band 
antenna. However, when the frequency band of the an- 
tenna is widened : the volume of the antenna should be 
increased. Thus, the technique for widening the fre- 
quency band of the antenna contradicts with the de- 
crease of the size of the portable telephone apparatus. 

As another technique for suppressing the reflection 
of the power at the input edge of the antenna, the im- 
pedance of the antenna is adjusted in such a manner 
that when the body of the user approaches the portable 
telephone apparatus the impedance becomes optimum. 
However, it cannot be said that this technique is not un- 
conditionally good. This is because the portable tele- 
phone apparatus is not always used in the state that the 
body of the user approaches the portable telephone ap- 
paratus. Since the user carries the portable telephone 
apparatus with his/her hand or bag, the operation state 
thereof varies time by time. Thus, the amount of fluctu- 
ation of the impedance of the antenna varies corre- 
sponding to the operation state of the portable tele- 
phone apparatus. This is because the substance and 
distance of the body of the user to the portable tele- 
phone apparatus vary corresponding to the operation 
state thereof. When the amount of fluctuation varies, it 
is very difficult to optimally adjust the impedance of the 
antenna. 

A part of the body that most approaches the anten- 
na is an ear of the user. However, the size of the ears 
-varies person by person. The difference of the size of 
the ears largely affects the performance of the antenna. 
The ears of the user cause the impedance of the anten- 
na to largely fluctuate. Th is is because the dielectric con- 
stant of ears is as high as 80. When an ear of the user 
approaches the antenna, the electrical length of the an- 
tenna largely varies. Depending on whether or not an 
ear contacts the antenna or whether the ear is close to 
or far apart from the antenna, the impedance largely var- 
ies. The relative position of an ear to the antenna largely 
depends on the size of the ear. Thus, even if the imped- 
ance is optimized in the state that the body of the user 
approaches the antenna, the optimized antenna may be 
not optimum for other people. Thus, the performance of 
the antenna deviates person by person. 

Besides the above-described techniques, there are 
several techniques for optimally controlling the match- 



ing circuit corresponding to the operation state. 

As the first technique, a matching circuit of the an- 
tenna is switched to the other corresponding to the on/ 
off state of a call button. This technique is based on the 

s assumption that when the call button is turned on, an 
ear of the user is close to the antenna. 

Although this technique can be accomplished with 
a simple structure, it cannot deal with the variation of 
the size of ears of each user. 

10 As the second technique, the level of a wave reflect- 
ed from the antenna is detected and a matching circuit 
of the antenna is switched to the other corresponding to 
the amount of reflection. 

However, in this case, to detect the amount of re- 

is flection, it is necessary to place a probe between the 
antenna and the radio circuit. This probe may cause a 
reflection loss, a conductor loss, and/or a loss of an RF 
signal to take place. 

Thus, according to the above-described conven- 

20 tional portable telephone apparatus, in the receiving 
portion, the maximum current should be always sup- 
plied. Thus, the current consumption is excessive large. 
When a DC offset is removed with an AC coupling ca- 
pacitor, a desired signal component is also attenuated. 

2S in addition, there is a time-varying DC offset that is 
caused by a reflection of an external reflector and that 
cannot be removed by an AC coupling capacitor. Thus, 
the deterioration of the reception sensitivity cannot be 
suppressed. 

30 In addition, the synthesizer cannot search a blank 
channel with a blank channel slot in the communicating 
state. 

In the transmitting portion, the mounting sizes of cir- 
cuit parts such as a directional coupler and a power de- 
35 tector other than an antenna are large. Thus, the size of 
the portable telephone apparatus cannot be further de- 
creased. 

In the antenna, when the user who carries the port- 
able telephone apparatus approaches the antenna, the 
40 antenna characteristic deteriorates. To solve this prob- 
lem, the size of the antenna should be increased. Alter- 
natively, the user should be selected for the antenna. 

The present invention is made from the above-de- 
scribed point of view. 
45 a first object of the present invention is to decrease 
the power consumption. 

A second object of the present invention is to re- 
move a time-varying DC offset and improve the recep- 
tion sensitivity. 

50 A third object of the present invention is to decrease 
the mounting size of the transmitting portion. 

A fourth object of the present invention is to main- 
tain the performance of the antenna without need to in- 
crease the size thereof and select the user. 

55 To accomplish the above-described objects, a first 
aspect of the present invention is a radio apparatus, 
comprising receiving means for receiving a radio signal 
in a system band used in a radio system, a synthesizing 
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means for sending at least all desired frequency signals 
in the system band to the receiving means, a blank 
channel detecting means for detecting a blank channel 
of the system band, and a controlling means for widen- 
ing a loop band width of a PLL (Phase Lock Loop) of the 
synthesizing means while the blank channel detecting 
means is detecting a blank channel. 

A second aspect of the present invention is a radio 
apparatus for repeatedly transmitting and receiving a 
predetermined number of slots with a plurality of radio 
frequency signals available in a radio system band and 
data communication using a blank slot, comprising a 
phase synchronizing circuit having a phase comparator 
for generating a voltage corresponding to the phase dif- 
ference between the phase of a reference signal and 
the phase of a comparing frequency divided signal, and 
a voltage controlling oscillator for generating a frequen- 
cy corresponding to a control voltage, a first loop filter 
for causing the phase synchronizing circuit to perform a 
phase synchronizing operation at predetermined speed, 
a second loop filter for causing the phase synchronizing 
circuit to perform the phase synchronizing operation at 
higher speed than the predetermined speed, and a loop 
filter selecting means for connecting the first loop filter 
to the voltage controlling oscillator in the period of one 
of the slots that is used for a communication and for con- 
necting the second loop filter to the voltage controlling 
oscillator when the period of the slot is over. 

A third aspect of the present invention is a radio ap- 
paratus having a frequency converter, a low frequency 
amplifying, and an analog/digital converter for directly 
converting the frequency of an RF signal received by an 
antenna into a baseband signal, comprising a reflection 
detecting means lor detecting at least one of a reflection 
coefficient of the antenna and a reflection power of the 
power amplifier when an RF signal is transmitted, and 
a controlling means for controlling at least one of DC 
offsets of the frequency converter, the low frequency 
amplifier, and the analog/digital converter correspond- 
ing to the antenna reflection coefficient or the antenna 
reflection power detected by the reflection detecting 
- means. 

A fourth aspect of the present invention is a radio 
apparatus having a frequency converter, a low frequen- 
cy amplifying, and an analog/digital converter for directly 
converting the frequency of an RF signal received by an 
antenna into a baseband signal, comprising a reflection 
detecting means for detecting at least one of a reflection 
coefficient of the antenna and a reflection power of the 
power amplifier when an RF signal is transmitted: a stor- 
ing means for storing the value of the reflection coeffi- 
cient or reflection power detected by the reflection de- 
tecting means, and a controlling means for controlling 
at least one of DC offsets of the frequency converter, 
the low frequency amplifier, and the analog/digital con- 
verter corresponding to the antenna reflection coeffi- 
cient or the antenna reflection power stored in the stor- 
ing means when the RF signal is received. 



A fifth aspect of the present invention is a radio ap- 
paratus, comprising a transmitting portion having a pow- 
er amplifier for sending a radio signal to an antenna, a 
receiving portion for receiving a radio signal from the 

s antenna, a transmission/reception switch for selecting 
one of the transmitting portion or the receiving portion, 
a transmission power detecting means, connected or 
capacitance-coupled to a power supply portion of the 
power amplifier of the transmitting portion, for detecting 

10 a transmission power corresponding to a fluctuation of 
the power supply portion, the fluctuation taking place 
when a radio signal is transmitted, and a controlling 
means for determining a transmission power of the 
transmitting portion corresponding to a transmission 

is power detected by the transmission power detecting 
means. 

A sixth aspect of the present invention is a radio ap- 
paratus, comprising a radio circuit for sending a signal 
to be transmitted to an antenna through a transmitting 
20 amplifier, a power supply circuit for sending a power to 
the radio circuit and the transmitting amplifier through a 
feeder, an ampere meter connected to the feeder, and 
an antenna characteristic varying means for varying a 
matching characteristic of the antenna corresponding to 
2S a current value detected by the ampere meter. 

According to the present invention, with respect to 
the first problem of the receiving portion, a power de- 
tecting function for detecting the power of a desired fre- 
quency band and a power detecting function for detect- 
30 ing the power of the system frequency band are dis- 
posed. With these functions, it is determined whether or 
not the radio apparatus is in the worst radio wave envi- 
ronment. With the determined result, the current con- 
sumption of the receiving portion is controlled. The de- 
35 termination is made with reference to data stored in a 
storing device. 

With respect to the second problem of the receiving 
portion, a digital signal processing portion has an AC 
capacitor so as to amplify a signal corresponding to the 
40 amount of attenuation of each frequency. 

With respect to the third problem of the receiving 
portion, a control signal detecting portion has a control- 
ling portion that detects a reflection coefficient of the an- 
tenna or a reflection power of a power amplifier in the 
45 transmission state and controls a DC offset ol a frequen- 
cy converter, a low frequency amplifier, or an analog/ 
digital converter corresponding to the detected signal. 

Alternatively, the controlling portion stores the re- 
flection coefficient of the antenna or the reflection power 
50 signal of the power amplifier detected in the transmis- 
sion state to the storing device and controls the DC off- 
set of the frequency converter, the low frequency ampli- 
fier, or the analog/digital converter corresponding to the 
reflection coefficient or reflection power signal stored in 
ss the storing device. 

Alternatively, the controlling portion subtracts a val- 
ue corresponding to the reflection coefficient of the an- 
tenna detected by the control signal detecting portion or 
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a value corresponding to the reflection power of the 
power amplifier from a value detected by the analog/dig- 
ital converter or adds these values. Thus, according to 
the present invention, even if the situation of a reflection 
in the vicinity of the antenna varies, the fluctuation of the 
DC offset can be suppressed, thereby preventing the 
reception sensitivity from deteriorating. 

With respect to the problem of the synthesizer, 
when the synthesizer detects a blank channel, the loop 
band is widened in comparison with that in the commu- 
nicating state. 

With respect to the first problem of the transmitting 
portion, to decrease the mounting areas of a directional 
coupler and a power detector, a power coupler and a 
power detector that do not always have directional char- 
acteristics are structured in a power amplifier IC chip or 
a transmission/reception switch IC chip. Thus, the size 
of the transmitting portion can be decreased. 

As a signal for detecting a transmission power, a 
signal proportional to the transmission power generated 
in such an IC chip is used. With respect to the second 
problem of the transmitting portion, the amount of fluc- 
tuation of the power supply portion is detected. 

With respect to the problem of the antenna, a cur- 
rent that flows in a feeder line of a transmitting amplifier 
is measured. Corresponding to the measured current 
value, the matching characteristic of the antenna is var- 
ied. 

These and other objects, features and advantages 
of the present invention will become more apparent in 
light of the following detailed description of a best mode 
embodiment thereof as illustrated in the accompanying 
drawings. 

Fig. 1 is a block diagram showing a structure for de- 
tecting the power of a system band and the power 
of a desired wave and decreasing the power con- 
sumption of a receiving portion according to the 
present invention; 

Fig. 2 is a flow chart showing a controlling process 
of the structure for decreasing the power consump- 
tion of the receiving portion according to the present 
invention; 

Fig. 3 is a block diagram showing an example of the 
structure of the receiving portion having a self com- 
pensating function according to the present inven- 
tion: 

Fig. 4 is a graph showing a frequency characteristic 
of an output signal of a frequency converter; 
Fig. 5 is a graph showing a frequency characteristic 
having a notch due to an AC coupling operation; 
Fig. 6 is a graph showing a frequency characteristic 
of AC coupling capacitors; 

Fig. 7 is a graph showing an invert characteristic of 
the frequency characteristic shown in Fig. 6; 
Fig. 8 is a graph showing a desired wave that has 
been self-compensated corresponding to the 
present invention; 



Fig. 9 is a graph showing a DC offset in the case 
that a local oscillation frequency de-tunes; 
Fig. 1 0 is a block diagram showing another example 
of the structure of the receiving portion having the 

5 self-compensating function; 

Fig. 11 is a block diagram showing the structure of 
a direct conversion radio apparatus according to an 
embodiment of the present invention; 
Fig. 1 2 is a schematic diagram showing a modifica- 

10 tion of the radio apparatus shown in Fig. 11 ; 

Fig. 13 is a schematic diagram showing another 
modification of the radio apparatus shown in Fig. 11 ; 
Fig. 14 is a block diagram showing the structure of 
a synthesizer of the radio apparatus according to 

is an embodiment of the present invention; 

Fig. 1 5 is a schematic diagram for explaining a high 
speed blank channel searching operation of the 
synthesizer shown in Fig. 14; 
Fig. 16 is a schematic diagram showing the basic 

20 concept of a front-end radio frequency IC having a 

sensing means; 

Fig. 17 is a schematic diagram showing the basic 
concept of a front-end radio frequency IC having a 
sensing means and a power detector; 
25 Fig. 18 is a schematic diagram showing the struc- 

ture of a PA-IC chip according to an embodiment of 
the present invention; 

Fig. 1 9 is a schematic diagram showing an example 
of a sensing means of the PA-IC chip shown in Figs. 

30 16 and 17; 

Fig. 20 is a schematic diagram showing another ex- 
ample of the sensing means; 
Fig. 21 is a schematic diagram showing a real ex- 
ample of a variable gain controlling circuit shown in 

35 Fig. 20; 

Fig. 22 is a schematic diagram showing the basic 
structure of an SPDT switch; 
Fig. 23 is a schematic diagram showing the struc- 
ture of a T/R switch IC chip according to an embod- 

40 iment of the present invention; 

Fig. 24 is a schematic diagram showing an example 
of the sensing means; 

Fig. 25 is a schematic diagram showing another ex- 
ample of the sensing means; 
45 Fig. 26 is a schematic diagram showing the struc- 
ture of the PA-IC chip according to an embodiment 
of the present invention; 

Fig. 27 is a schematic diagram showing the struc- 
ture of a T/R switch IC chip according to an embod- 
50 iment of the present invention; 

Fig. 28 is a plan view showing the structure of an IC 
chip that has the power sensing device and the 
power detecting device shown in Figs. 19 and 20 
according to an embodiment of the present inven- 
ts tion; 

Fig. 29 is a sectional view taken along line A - A* 
shown in Fig. 28; 

Fig. 30 is a schematic diagram showing the struc- 
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ture of which a line width of a metal layer is narrower 
than a power line so as to adjust a coupling capac- 
itance; 

Fig. 31 is a schematic diagram showing the struc- 
ture of which a line width of a metal layer is wider s 
than a power line so as to adjust a coupling capac- 
itance; 

Fig. 32 is a schematic diagram showing the struc- 
ture of which a line length of a metal layer is varied 
so as to adjust a coupling capacitance; 
Fig. 33 is a schematic diagram showing the struc- 
ture of which a forming direction of a metal layer is 
varied so as to adjust a coupling capacitance; 
Fig. 34 is a block diagram showing the structure of 
a portable radio apparatus according to another 
embodiment of the present invention; 
Fig. 35 is an external view showing a radio appara- 
tus model used in an experiment; 
Fig. 36 is a graph showing the relation between a 
current consumption and operation states of the 
portable radio apparatus shown in Fig. 35; 
Fig. 37 is a graph showing the relation between a 
reflection coefficient at an input edge of the antenna 
viewed from the feeder line side and operation 
states of the portable radio apparatus; 
Fig. 38 is a graph showing the relation between an 
average radiation gain on a horizontal plane of the 
portable radio apparatus and operation states 
thereol; and 

Fig. 39 is a schematic diagram showing the struc- 
ture of an antenna matching circuit. 

Next, with reference to the accompanying draw- 
ings, an embodiment of the present invention will be de- 
scribed. 

Fig. 1 is a block diagram showing the structure of a 
receiving portion of a direct modulation type portable ra- 
dio apparatus (hereinafter simply referred to as radio ap- 
paratus) according to an embodiment of the present in- 
vention. In the following description, the direct demod- 
ulation type radio apparatus will be described. However, 
-the present invention can be applied to a heterodyne 
type radio apparatus and so forth. 

As shown in Fig. 1 , the radio apparatus comprises 
a low noise amplifier (hereinafter referred to as LNA), a 
band pass filter (hereinafter referred to as BP F), a mixer 
(as a frequency converting means) (hereinafter referred 
to as MIX), buffer amplifiers (hereinafter referred to as 
BUFF1 and BUFF2), low pass filters (hereinafter re- 
ferred to as LPF1 and LPF2), power detectors (herein- 
after referred to as RSSI1 and RSSI2 (RSSI: Received 
Signal Strength Indicator)), a subtracting device 10, a 
determining device 11 , a delaying device 12, and a cur- 
rent controlling means 1 3. 

The LPF1 passes a predetermined signal band of 
the system band. In the case of the PHS (Personal 
Handyphone System) used in Japan, the predetermined 
band is around 100 kHz band. The RSSI1 detects the 
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power of the signal band. The LPF2 passes all the sys- 
tem band. The LPF2 should be a filter that passes all 
frequencies of at least the system band. The RSSI2 de- 
tects the power of the system band. The delaying device 
1 2 delays an input signal so as to control the signal from 
the next frame or slot. Instead of the LPF1 and LPF2, 
band pass filters (hereinafter referred to as BPF1 and 
BPF2) may be used. In addition, instead of the subtract- 
ing device 10, a dividing device may be used. 

To decrease the amount of a current that flows in 
the circuit block of the receiving portion, it is necessary 
to determine that the radio apparatus is not in the worst 
radio wave environment. To do that, the RSSI1 and 
RSSI2 are provided. The RSSI1 detects the power of 
the desired band. In contrast, the RSSI2 detects the 
power of the system band. The determining device 11 
obtains the difference of the power detected by the 
RSSI1 and the power detected by the RSSI2 or the ratio 
thereof so as to determine whether or not the radio ap- 
paratus is in the worst radio wave environment. There 
is no assurance of the normal operation of the circuit in 
the case that the amount of current is halved in the non- 
worst radio wave environment. Thus, the difference of 
the power detected by the RSS1 1 and the power detect- 
ed by the RSSI2 or the ratio thereof are divided into sev- 
eral levels and supplied to the LNA and the MIX. The 
distortion characteristic of the circuit block correspond- 
ing to the designated current corresponding to the dif- 
ference or ratio of the RSSI1 and RSSI2 is written to a 
table stored in a memory (not shown) of the determining 
device 11 beforehand. With reference to the designated 
current value on the table, a relevant current is supplied 
to the LNA and the MIX. When the number of levels of 
the current to be designated is small, it is not always 
necessary to reference the table. 

Next, with reference to the flow chart shown in Fig. 
2, the operation of the receiving portion will be de- 
scribed. 

It is assumed that each frame has one reception 
slot. With only the reception slot, the current is control- 
led. In addition, for simplicity, the levels of the current to 
be designated are only two modes that are a normal cur- 
rent (for the worst radio wave environment) mode and 
a low current mode. 

As shown in Fig. 2, in the receiving portion, the 
RSSI1 detects the power in the desired band at a slot 
end (at step S201). On the other hand, the RSSI2 de- 
tects the power in the system band. The RSSI1 and the 
RSSI2 send the detected powers to the subtracting de- 
vice 10. 

The subtracting device 10 subtracts the power de- 
tected by the RSSI1 from the power detected by the 
RSSI2 and sends the subtracted result to the determin- 
ing device 11 . When the dividing device is used instead 
of the subtracting device 10, the dividing device divides 
the power detected by the RSSI2 by the power detected 
by the RSSI1 and sends the divided result to the deter- 
mining device 11. 
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The determining device 11 determines whether or 
not the subtracted result or the divided result is equal to 
or larger than a predetermined value A (at step S202). 

When the subtracted result is equal to or larger than 
the predetermined value A (namely, the determined re- 
sult at step S202 is Yes), the determining device 11 de- 
termines that the radio wave environment is bad and 
designates the normal current mode (in which the nor- 
mal current is supplied) (at step S203). The determining 
device 11 applies the determined result to the next re- 
ception slot (at step S204). 

When the subtracted value or the divided value de- 
tected at the next reception slot is smaller than the des- 
ignated value A (namely, the determined result at step 
S202 is No), the determining device 11 designates the 
low current mode (at step S205) so as to decrease the 
amount ot currents that flow in the LNA and the MIX (at 
step S206). 

To decrease the amount of current, the resistance 
or defined voltage of a bias circuit (not shown) that des- 
ignates a bias current of the LNA and the MIX is varied. 
In the following description, the amount of current is de- 
creased in the above-described manner. 

In this embodiment, the amount of current is detect- 
ed each frame prior. Alternatively, the amount of current 
may be detected one slot prior. In this case, the differ- 
ence of the output level of the desired wave detected 
one frame prior and the output level of the system band 
of the current frame or the ratio thereof is obtained. 

To accomplish the present invention, it is preferable 
to designate the normal current level as the initial current 
level. However, when a blank channel is detected, if all 
channels are blank, it can be estimated that there is no 
unnecessary wave in the system. Thus : in this case, the 
low current level can be designated as the initial level. 

On the other hand, since the LPF2 passes all the 
system band, the ratio of the system band to the desired 
wave is large. Thus, white noise (or thermal noise) in- 
creases in the LPF2. 

When the white noise increases, the determining 
device 11 may mistaken the number of radio waves in 
Jhe system. To solve this problem, the power component 
of the white noise with a widened band is subtracted 
from the value detected by the RSSI2 so as to compen- 
sate the value of the power detected by the RSSI2. As 
a compensating technique, the power component is 
simply subtracted from the value of the power detected 
by the RSSI2. Alternatively, the value of the power de- 
tected by the RSSI2 may be compensated using a table 
containing the power component of the white noise. 

Fig. 3 is a block diagram showing the receiving por- 
tion of the radio apparatus according to another embod- 
iment of the present invention. 

Referring to Fig. 3, the radio apparatus comprises 
an antenna 1 01 , a radio frequency amplifier 1 02, a radio 
frequency filter 103, a frequency converter 104, fre- 
quency converters 105 and 106, a local oscillator 107, 
a 7t/2 phase shifter 108, low frequency filters 109 and 



110, low frequency amplifiers 111 and 112, A/D convert- 
ers 113 and 114, multiplying devices 115 and 116, a 
memory 118 (as a storing means), capacitors 119 to 
124, and a local oscillator 125. The memory 118 stores 

s an inverse characteristic of an overall AC-coupled fre- 
quency characteristic of the baseband portion from the 
frequency converter 105 to the A/D converter 113 and 
an inverse characteristic of an overall AC-coupled fre- 
quency characteristic of the baseband portion Irom the 

10 frequency converter 1 06 to the A/D converter 1 1 4. 

The radio frequency amplifier 102 improves the 
noise figure of the radio portion. A circuit block com- 
posed of the frequency converters 105 and 106, the lo- 
cal oscillator 1 07, the nl2 phase shifter 1 08, and so forth 

is is referred to as an orthogonal demodulating portion. 
The capacitors 11 9 to 124 connected to a downstream 
stage of the frequency converters 105 and 106 are dis- 
posed so as to remove a DC component. 

In this receiving portion, a radio frequency signal re- 

20 ceived from the antenna 1 01 is sent to the radio frequen- 
cy amplifier 102. The radio frequency amplifier 102 am- 
plifies the radio frequency signal with a predetermined 
gain. The amplified signal is sent to the frequency con- 
verter 104 through the radio frequency filter 103 that is 

25 an image suppressing filter. 

On the other hand, the local oscillator 125 gener- 
ates a reference carrier signal and sends the reference 
carrier signal to the frequency converter 104. The fre- 
quency converter 104 multiplies the received signal by 

30 the reference carrier signal and thereby converts the re- 
ceived signal into an intermediate frequency signal. The 
intermediate frequency signal is converted into a base- 
band signal by the orthogonal demodulating portion 
composed of the frequency converters 1 05 and 1 06, the 

35 local oscillator 107, and the nJ2 phase shifter 108. In 
other words, the two frequency converters 1 05 and 1 06 
generate two baseband signals of I and Q channels that 
have the same frequency as the intermediate frequency 
signal sent from the local oscillator 107 and that have a 

40 phase difference of n/2. 

The baseband signal of I channel obtained from the 
frequency converter 105 is sent to the low frequency fil- 
' ter 109 through the capacitor 119. The low frequency 
filter 1 09 performs the anti-aliasing process for the base- 

45 band signal of I channel. The resultant signal is sent to 
the low frequency amplifier 111 through the capacitor 
121. The low frequency amplifier 111 amplifies the re- 
ceived signal with a predetermined gain. The amplified 
signal is sent to the A/D converter 113 through the ca- 

50 pacitor 123. The A/D converter 113 converts the re- 
ceived signal as an analog signal into a digital signal. 
The resultant digital signal is sent to -the multiplying de- 
vice 115. 

On the other hand, as with the baseband signal of 
55 | channel, the baseband signal of Q channel obtained 
from the frequency converter 1 06 is sent to the multiply- 
ing device 116 through the capacitor 120, the low fre- 
quency filter 110, the capacitor 122, the low frequency 
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amplifier 112, the capacitor 124, and the A/D converter 
114. The low frequency filters 109 and 110 may select 
a channel. 

An inverse characteristic of the overall AC-coupled 
frequency characteristic of the baseband portion from 
the frequency converter 1 05 to the A/D converter 11 3 is 
sent from the memory 1 1 8 to the multiplier 1 1 5 of I chan- 
nel in synchronization with the digital signal. The multi- 
plier 1 1 5 multiplies the signal received from the A/D con- 
verter 113 by the inverse characteristic received from 
the memory 118. 

An inverse characteristic of the overall AC-coupled 
frequency characteristic of the baseband portion from 
the frequency converter 106 to the A/D converter 114 is 
sent from the memory 118 to the multiplier 116 of Q 
channel in synchronization with the digital signal. The 
multiplier 116 multiplies the signal received from the A/ 
D converter 114 by the inverse characteristic received 
from the memory 1 1 8. 

The detector 117 demodulates the multiplied sig- 
nals received from the multiplier 115 of I channel and 
the multiplier 116 of Q channel into original data. 

Next, individual signals with respect to the above- 
described operation will be described. 

As shown in Fig. 4, a desired baseband signal 
(hereinafter referred to as desired wave) obtained from 
the frequency converters 105 and 106 overlaps with a 
DC component 305. In Fig. 4, a hatched region repre- 
sents the level of -thermal noise 304. 

The capacitors 1 1 9 to 1 24 disposed in the down- 
stream stage of the frequency converters 105 and 106 
remove the DC component 305 from the desired wave 
301 . The capacitances of the capacitors 1 1 9 to 1 24 are 
designated so that a frequency characteristic 302 of the 
desired wave 301 is obtained. 

When the DC component 305 is removed by the AC 
coupling capacitors 1 1 9 to 1 24, a signal component 303 
as a part of the desired signal 301 is lost along with the 
DC component 305. Thus, before the desired wave 301 
(namely, output signals of the A/D converters 113 and 
114) is sent to the multipliers 115 and 116, as shown in 
- Fig. 5, a notch 306 takes place in the desired wave 301 . 
Likewise, a notch 307 takes place in thermal noise 304. 

Although the output signals of the A/D converters 
113 and 114 have the notch 306, since a signal compo- 
nent affected by the notch 306 is known, when the mem- 
ory 118 stores an inverse characteristic necessary for 
interpolating the affected portion and the multiplying de- 
vices 115 and 116 multiply the desired wave 301 by the 
inverse characteristic stored in the memory 118, the 
original signal can be almost exactly reproduced. 

Next, the inverse characteristic stored in the mem- 
ory 118 will be described. 

In Fig. 6, a reference numeral 801 represents a fre- 
quency characteristic of which baseband signals ob- 
tained from the frequency converters 105 and 106 are 
AC-coupled by the capacitors 119 to 124 until the sig- 
nals are sent to the A/D converters 1 1 3 and 1 1 4. 



When the frequency characteristic 801 is AC-cou- 
pled, a DC component whose value is 0 takes place. An 
inverse characteristic of the frequency characteristic 

801 is represented by reference numeral 802 as shown 
s in Fig. 7. Since the value of the inverse characteristic 

802 as a DC component is infinite, the characteristic 802 
cannot be stored as data to the memory 118. 

In the characteristic 802, a portion of the DC com- 
ponent that exceeds a predetermined level is removed 
io and used as an inverse characteristic corresponding to 
the required compensation accuracy. 

In an example shown in Fig. 7, a DC component 

803 is removed from the inverse characteristic 802 of 
the frequency characteristic that has been AC-coupled. 

75 The resultant portion is treated as an inverse character- 
istic 804. Thus, in the desired wave 301 ol which the 
inverse characteristic 804 has been multiplied by the 
output signals of the A/D converters 1 1 3 and 1 1 4, a com- 
pensation error corresponding to the limited portion of 

20 the DC component of the inverse characteristic takes 
place. In other words, the compensation error corre- 
sponding to the limited portion of the DC component of 
the inverse characteristic 804 causes notches 701 and 
702 to take place in the desired wave 301 and the ther- 

25 mal noise 304, respectively. 

However, it is clear that the unnecessary DC com- 
ponent has been completely removed and that the notch 
701 of the signal component is more alleviated than the 
notch 306 shown in Fig. 5. Since the DC offset of I chan- 

30 nel is different from the DC offset of Q channel, the self 
compensating operation should be performed for each 
of I and Q channels. An advantage of the self compen- 
sating function of the DC component is in that its effect 
is not lost even if the reference carrier frequency ob- 

35 tained from the local oscillator 107 shown in Fig. 3 is 
offset from a desired value. 

When the frequency obtained from the local oscil- 
lator 107 is offset from the desired value, the center fre- 
quency of the baseband signal (desired wave) obtained 

40 from the frequency converters 105 and 106 is offset from 
the DC component as shown in Fig. 9. 

As shown in Fig. 9, the center frequency of a desired 
wave 601 is offset from the DC component 306 by a dis- 
tance 602. The distance 602 is equal to the frequency 

45 offset against the desired frequency of the local oscilla- 
tor 107. However, as is clear from Fig. 9, even if the cent- 
er frequency of a signal converted to a baseband signal 
is offset (rom the DC component, theoretically the DC 
component is not offset. Thus, corresponding to the f re- 

50 quency characteristic 302 of the AC coupling capacitors 
119 to 124, the DC component 305 is completely re- 
moved. Thereafter, the output signals of the A/D con- 
verters 113 and 114 are multiplied by the inverse char- 
acteristic 804 stored in the memory 118. Thus, as with 

55 the case that the local oscillator 107 does not have a 
frequency offset, the DC component 305 can be re- 
moved from the desired wave 301 without a large notch. 
The inverse characteristic 804 that have been meas- 
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ured can be stored in the memory 118. 

Next, with reference to Fig. 1 0, the receiving portion 
of the radio apparatus according to another embodiment 
of the present invention will be described. The receiving 
portion of this embodiment further comprises a sweep 
oscillator 910, a switch 902, and a calculating device 
907. The sweep oscillator 901 is connected to the cir- 
cuits of I channel and Q channel through the switch 902. 
The sweep oscillator 901 sweeps frequencies in the 
range that the frequency characteristic 801 of AC cou- 
pled signals that are output from the frequency convert- 
ers 105 and 106 and the A/D converters 113 and 114 
becomes flat. With the sweeping operation, the frequen- 
cy characteristic 80 1 of the AC coupled signals of I chan- 
nel and Q channel can be obtained. The obtained fre- 
quency characteristic 801 is sent to the calculating de- 
vice 907 branched from the A/D converters 1 1 3 and 1 1 4. 
The calculating device 907 calculates the inverse char- 
acteristic 804 shown in Fig. 7 with the frequency char- 
acteristic 801 of the measured AC coupled signal. The 
calculated inverse characteristic 804 are stored in the 
memory 1 1 8. Thef requency characteristic can be meas- 
ured by the sweep oscillator 901 while a signal is not 
being received. 

According to this embodiment, even if the frequency 
characteristic 801 of the AC coupled signal vary due to 
a temperature characteristic, the inverse characteristic 
804 can be more flexibly obtained and the DC offset can 
be compensated. 

In this embodiment, the heterodyne type receiving 
portion was described. However, a direct modulation 
type receiving portion can be used, in this case, a tran- 
sient response of a time-varying DC offset due to a re- 
flector cannot be handled. However, with the above-de- 
scribed countermeasures, a sufficient characteristic 
may be obtained in a particular radio system. 

Next, a method for removing a time-varying DC off- 
set caused by a reflector will be described (the time-var- 
ying DC offset is a problem to be solved in the direct 
conversion type radio apparatus). 

Fig. 11 is a block diagram showing the structure of 
• a direct conversion type radio apparatus (hereinafter re- 
ferred to as radio apparatus) according to an embodi- 
ment of the present invention. 

Referring to Fig. 11 , the radio apparatus comprises 
an antenna 101 , a transmission/reception switch 170, a 
receiving portion 129, a transmitting portion 137, and a 
DC offset controlling circuit 139. The receiving portion 
comprises a radio frequency amplifier 102, frequency 
converters 105 and 106, a local oscillator 130, a n/2 
phase shifter 131, a baseband filter 109, low frequency 
amplifiers 111 and 112, and baseband signal processing 
circuits 135 and 136. The local oscillator 130 generates 
a local signal. Each of the frequency converters 105 and 
1 06 has a DC offset control terminal 1 32-1 . Each of the 
low frequency amplifiers 111 and 112 has a DC offset 
control terminal 132-2. Each of the baseband signal 
processing circuits 135 and 1 36 has a DC offset control 



terminal 1 32-3. The baseband signal processing circuits 
135 and 136 have ana log/digital converters 113and 114 
and adding/subtracting circuits 133 and 1 34, respective- 
ly. 

s The transmitting portion 1 37 comprises a band pass 
filter 150, a directional coupler 172, a power amplifier 
151 , a variable attenuator 152, a power detector 173, a 
power controlling circuit 171, an adding device 156, fre- 
quency converters 1 57 and 1 58, low pass filters 1 59 and 
10 160, digital/analog converters 161 and162, andatrans- 
mission signal generator 1 38. The DC offset controlling 
circuit 1 39 is connected to the directional coupler 172 
and the control terminals 132-1, 132-2, and 132-3. 
Next, the basic operation of the transmitting portion 
is of the radio apparatus according to this embodiment will 
be described. 

In the radio apparatus, when a signal is transmitted, 
the transmission/reception switch 170 is placed on the 
transmitting portion side. A transmission wave received 
20 from the transmission signal generator 1 38 is amplified 
by the power amplifier 1 51 . The resultant signal is trans- 
mitted from the antenna 1 01 through the directional cou- 
pler 172 and the transmission/reception switch 170. 
In this embodiment, the TDD system of which the 
2S frequency of the transmission signal is the same as the 
frequency of the reception signal will be described. 
When a signal is transmitted, the directional coupler 1 72 
measures the power reflected from the antenna 101. In 
addition, the directional coupler 172 measures the pow- 
30 er propagated to the antenna 101. The measured re- 
sults are sent to the DC offset controlling circuit 139. The 
DC offset controlling circuit 139 obtains a reflection co- 
efficient of the antenna 101 with the reflection power and 
the propagation power. In the TDD system, the f requen- 
35 cy of the transmission signal is the same as the frequen- 
cy of the reception signal. Thus, when a signal is trans- 
mitted, if the reflection power is large, the reflection pow- 
er of a local signal in the receiving mode of the antenna 
101 is large. In contrast, when the reflection power is 
40 small, the reflection power of the local signal in the re- 
ceiving mode of the antenna 101 is small. Thus, when 
a signal is transmitted, the reflection power in the trans- 
mitting mode of the antenna 1 01 can be obtained. Thus, 
the amount of the reflection of the local signal to the re- 
45 ceiving portion can be obtained. 

When the reflection wave is large, the DC offset 
controlling circuit 1 39 sends a control signal that causes 
the DC offset to decrease and that is proportional to the 
reflected power to the DC offset control terminals 1 32-1 
50 of the frequency converters 105 and 106, thereby de- 
creasing the DC offset in the receiving portion. 

In the radio apparatus according to the embodi- 
ment, when a signal is transmitted in the TDD system, 
the directional coupler 172 measures the propagation 
55 power to the antenna 101 and the reflection power from 
the antenna 101 : obtains the reflection coefficient of the 
antenna 101 with the propagation power and the reflec- 
tion power, and sends the reflection coefficient to the 
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receiving portion. Thus, when a signal is received just 
after a signal is transmitted, the receiving operation is 
performed in the state that the DC offset is decreased 
due to an external reflector. Thus, the reception sensi- 
tivity at which the receiving operation is improved in s 
comparison with the case that such a process is not per- 
formed. In addition, since a signal can be received in the 
state that an DC offset is decreased, it is not necessary 
to disposed many AC coupling capacitors in the circuit. 

In the above example, the controlling operations of 
the frequency converters 105 and 106 were described. 
Alternatively, when a control signal is sent to one ol the 
DC offset control terminals 1 32-2 and 1 32-3 of the low 
frequency amplifiers 111 and 112 and the analog/digital 
converters 1 1 3 and 1 1 4, the same effect as the case that 
the frequency converters 105 and 106 are controlled 
can be obtained. In other words, if necessary, a DC oft- 
set can be compensated in upstream stages of the fre- 
quency converters 105 and 1 06. 

Next, with reference to Fig. 12, a radio apparatus 
according to a modification of the embodiment shown 
in Fig. 11 will be described. 

As shown in Fig. 12, in this modification, a memory 
141 is disposed between a DC offset controlling circuit 
139 and a directional coupler 172. The memory 141 
stores data for causing a control voltage corresponding 
to the reflection power or reflection coefficient of the an- 
tenna 1 01 to be generated. Thus, when the memory 1 41 
stores control data for decreasing the DC offset corre- 
sponding to the reflection power of the antenna 101 , the 
control data is sent to the DC offset controlling circuit 
139. Thus, the DC offset controlling circuit 139 can de- 
crease the DC offset in a shorter time period than that 
of the embodiment shown in Fig. 8 without need to cal- 
culate the reflection coefficient. 

Next, with reference to Fig. 13, a radio apparatus 
according to another modification of the embodiment 
shown in Fig. 11 will be described. 

In this modification, a baseband signal processing 
circuit 135 performs a DC offset decreasing process in- 
stead of the DC offset controlling circuit 1 39. In Fig. 1 3, 
Jor simplicity, a baseband signal processing circuit 136 
is omitted. 

In this modification, adding/subtracting circuits 133 
and 1 34 add (or subtract) the value corresponding to the 
propagation power of the power amplifier 151 and the 
value corresponding to the reflection power of the an- 
tenna 101 and the values received from the analog/dig- 
ital converters 113 and 114 so as to decrease the DC 
offset. In other words, when the output values of the an- 
alog/digital converters 113 and 114 are added or sub- 
tracted, a DC value is analogously offset. 

According to this modification, the same effect as 
the embodiment shown in Fig. 11 can be obtained with- 
out need to connect a special DC offset controlling cir- 
cuit 139 to an analog circuit such as a frequency con- 
verter and a low frequency converter. In the above-de- 
scribed embodiment, TDD system was described. In the 



case that the frequency band of a transmission signal is 
the same as the frequency band of a reception signal, 
when the amount of reflection in the transmitting state 
is measured, the same effect can be obtained. 

Next, the synthesizer of the radio apparatus of the 
radio apparatus will be described. 

Fig. 14 is a block diagram showing the structure of 
a synthesizer of the radio apparatus according to a first 
embodiment of the present invention. 

Referring to Fig. 14, the synthesizer comprises a 
reference oscillator 1101, a reference frequency divider 
1103, a phase comparator 1105, a normal mode loop 
filter 1151, a high speed mode loop filter 1152, a switch 
1153, a VCO 1109, and a comparing frequency divider 
1111. Since the basic loop operation of the synthesizer 
is the same as that of a conventional synthesizer, its de- 
scription is omitted. 

In the synthesizer according to the embodiment, 
when the switch 1 1 53 is placed on the normal mode loop 
filter side, a normal loop mode takes place. In this case, 
the VC0 1 1 09 outputs a signal with a low phase-to-noise 
characteristic. However, in this mode, the frequency 
switching operation takes a time. 

On the other hand, when the switch 1153 is placed 
on the high speed mode loop filter side, a high speed 
loop mode (blank channel search mode) takes place. In 
this mode, although the phase-to-noise characteristic of 
an output signal of the VCO 1109 deteriorates, the fre- 
quency switching operation is quickly performed. 

Next, the operation of the synthesizer of the radio 
apparatus according to the embodiment will be de- 
scribed. Fig. 15 is a schematic diagram showing the 
structure of slots in the TDMA system. 

As shown in Fig. 15, one frame 1160 is composed 
of four reception slots R1 to R4 and four transmission 
slots T1 toT4. One slot is denoted by reference numeral 
1161. It is assumed that a communication is made with 
one reception slot R1 and one transmission slot T1 . In 
addition, it is assumed that a frequency of a communi- 
cation channel is denoted by f 1 . 

The synthesizer searches a blank channel in the fol- 
lowing manner. 

In the period of the reception slot R1 , the synthesiz- 
er operates in the normal mode with a high phase-to- 
noise characteristic. After the period of the reception slot 
R1, the switch 1153 switches the normal mode to the 
high speed mode. 

When a frequency f2 that is different from the fre- 
quency of the communication channel is designated to 
the synthesizer, it searches a blank channel. Since the 
high speed mode has been selected, the synthesizer 
switches the current frequency to the desired frequency 
at high speed and searches a blank channel. 

After the synthesizer has searched a black channel 
at frequency f2, it switches the frequency f2 to another 
frequency f3 and searches a blank channel. The syn- 
thesizer repeats such an operation and searches blank 
channels at a plurality of frequencies. Before the trans- 
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mission slot T1 takes place, the synthesizer restores the 
original communication channel f 1 . At the same time, 
the synthesizer switches the high speed mode to the 
normal mode. In the period of the transmission slot T1 , 
the synthesizer operates in the normal mode with the 
high phase-to-noise characteristic. The synthesizer re- 
peats the above-described operation and searches 
blank channels during the communication. While the 
synthesizer is searching a blank channel, since it oper- 
ates in the high speed mode, the S/N (signal-to-noise 
ratio) of the synthesizer is not high and thereby the re- 
ception sensitivity thereof deteriorates. However, since 
the phase-to-noise characteristic necessary for deter- 
mining whether there is a blank channel is alleviated in 
comparison with that in the communicating state, the 
synthesizer can search a blank channel in the high 
speed mode. In the above-description, the loop charac- 
teristic was switched by switching the frequency char- 
acteristic of the loop filter. Alternatively, by switching the 
sensitivity of the phase comparator, the loop character- 
istic may be switched. In addition, a blank channel may 
be searched in for example one slot. 

When the synthesizer searches a blank channel in 
the high speed mode, if all channels are blank, it can be 
determined that there is no interference wave in the vi- 
cinity of the system band. Thus, as an operation for de- 
tecting the radio wave environment, the black channel 
searching operation can be used. In other words, when 
all channels are black, the current consumption of the 
receiving portion can be decreased. 

In this case, the searched result of a blank channel 
is sent to the determining device 11 shown in Fig. 1 The 
determining device 11 determines the current mode and 
controls the amount of current that flow in the LN A and 
the MIX. 

Next, with reference to Figs. 1 6 to 26, the transmit- 
ting portion will be described. 

Fig. 16 is a schematic diagram showing the basic 
concept of an IC chip that has a power amplifier or a 
transmission/reception switch. 

In Fig. 16, reference numeral 1200 is an IC chip. 
- When the IC chip 1200 is for example a power amplifier 
IC chip (hereinafter referred to as PA-IC chip), RF sig- 
nals received from the frequency converters 157 and 
158 show in Fig. 11 are sent to an input terminal IN of 
the IC chip 1200. An RF signal amplified by the PA-IC 
chip 1 200 is sent to an output terminal OUT The IC chip 
1200 has a sensing means 1201 that senses an output 
power. A signal proportional to the power sensed by the 
sensing means 1201 is sent to a power detector DET 
as a signal processing means from a terminal other than 
the output terminal OUT 

In Fig. 16, when the IC chip 1200 is a transmission/ 
reception switch (hereinafter referred to as T/R switch), 
an RF signal received from the power amplifier PA is 
sent to an input terminal IN of the IC chip 1200. An RF 
signal received from a sensing means 1 201 through an 
input terminal IN is sent to an output terminal OUT. As 



with the PA-IC chip, the sensing means 1201 senses a 
signal proportional to the power of the RF signal. The 
sensed signal is sent to a signal processing means (for 
example, an output power detector DET) from a terminal 

s other than the output terminal OUT 

Next, with reference to Fig. 1 7, an IC chip according 
to a modification of the structure shown in Fig. 16 will 
be described. 

In the example shown in Fig. 16, the output power 

10 detector DET is disposed outside the IC chip 1 200. How- 
ever, in this modification, a power detecting function of 
an output power detector DET as a signal processing 
means 1202 is structured as an IC chip along with a 
sensing means 1201. The structure of the sensing 

15 means 1201 shown in Fig. 17 is the same as the struc- 
ture of the sensing means 1201 shown in Fig. 16. 

In this modification, a signal sensed by the sensing 
means 1 201 is sent to the output power detecting means 
1201 structured in the same IC chip. 

20 The output power detecting means 1202 converts 
the frequency of an output power to a low frequency cor- 
responding to a sense signal and sends a signal corre- 
sponding to the output power to a power controlling cir- 
cuit (CONT) 171. Since the output power detecting 

25 means 1202 performs a signal process such as a fre- 
quency converting process, the output power detecting 
means 1202 is referred to as signal processing means. 
In Figs. 16 and 17, the PA-IC chip or the T/R switch IC 
chip are not always different I C chips. Instead, either the 

30 PA-IC chip or the T/R switch IC chip may be structured 
as an IC chip. 

Fig. 18 is a schematic diagram showing the basic 
concept of the structure of the PA-IC chip shown in Fig. 
16. 

35 in Fig. 1 8, RF signals received from frequency con- 
verters 157 and 158 are sent to a power amplifier PA 
151 through an input terminal IN. An output signal of the 
power amplifier PA 1 51 is sent to a band pass filter BPF 
through an output terminal OUT 

40 A power supply terminal VDD1 in an IC chip 1200 
is a terminal for supplying a power to the power amplifier 
PA 151. A ground terminal GND1 is a ground terminal 
of the power amplifier PA 151 . An external ground ter- 
minal GND and an external power supply terminal VDD 

45 are separated from a terminal GND and a terminal 
VDD1 so as to represent a stray inductance, resistance, 
and capacitance that take place among circuits struc- 
tured asan IC chip. In other words, a stray impedance 
Zvdd 1203 takes place between the terminal VDD and 

50 the terminal VDD1 . In addition, a stray impedance Zgnd 
1 204 takes place between the terminal GND and the ter- 
minal GND1 . 

In Fig. 1 8, a terminal si is a terminal for obtaining a 
signal proportional to the power of an RF signal of the 

55 power amplifier PA 151. The terminal si is connected to 
the power supply terminal VDD1 through a sensing 
means 1201 shown in Fig. 16. In this example, a signal 
proportional to the product of the stray impedance Zvdd 
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1203 and an instantaneous current of the power ampli- 
fier PA is measured at the power supply terminal VDD1 
Since a varied portion of the instantaneous current of 
the power amplifier PA 151 is proportional to an output 
power of the power amplifier PA 151 , an AC component 
measured at the terminal VDD1 is proportional to the 
output power of the power amplifier PA 1 51 . 

Next, the structure of the sensing means 1201 will 
be described. With an AC component measured at the 
terminal VDD1 , a signal proportional to the output power 
of the power amplifier PA 151 is obtained. Thus, as the 
simplest structure, as shown in Fig. 19, a capacitor C1 
may be disposed between the terminal VDD1 and the 
terminal s1. 

In this case, the terminal si is connected to a power 
detecting circuit DET described in the related art refer- 
ence. The capacitor that does not have a directional 
characteristic can be used for detecting a power since 
a coupler that does not have a directional characteristic 
is not always required. 

In the structure shown in Fig. 1 9, the sensing means 
1201 can be structured with only the capacitor C1 . Thus, 
a signal proportional to the output power can be ob- 
tained. The sensing means 1201 may be a diode, a re- 
sister, or the like. 

Since the stray impedance Zvddl 203 and the stray 
impedance Zgnd 1204 vary depending on the mounting 
method of the PA-IC chip, the proportional coefficient 
depends on the mounting method thereof. Thus, the val- 
ue of the power detected from the power detector DET 
may vary depending on the mounting method of the PA- 
IC chip. The level of the signal detected from the termi- 
nal VDD1 is around -50 dB of the output power of the 
RF signal. Thus, since the signal level is relatively low, 
the power controlling circuit (CONT) 171 cannot receive 
a low frequency detection signal from the power detec- 
tor DET 

To solve this problem, as shown in Fig. 20, a sens- 
ing means 1201 may be structured with a variable gain 
radio frequency amplifier (AMP) 1205 that is tandem- 
connected to the capacitor C1 and then connected to a 
terminal si. 

To match the output signal of the power detecting 
circuit DET with the dynamic range of the power con- 
trolling circuit (CONT) 171, the variable gain radio fre- 
quency amplifier (AMP) 1205 is connected to the next 
stage of the capacitor C1. The variable gain radio fre- 
quency amplifier (AMP) 1 205 has a gain adjustment ter- 
minal 1 206. When a control signal is sent from the power 
controlling circuit (CONT) 171 to the gain adjustment 
terminal 1206, an output signal corresponding to the 
control signal can be obtained. Thus, when the IC chip 
is mounted, the amplitude of the power detection signal 
can be suppressed from fluctuating. Consequently, a 
power detection signal whose signal level is high and 
stable is sent to the power controlling circuit (CONT) 
171. Thus, the power controlling circuit (CONT) 171 suf- 
ficiently detects the power detection signal. 



In the circuit structure shown in Fig. 20, since the 
variable gain radio frequency amplifier (AMP) 1205 is 
tandem-connected to the capacitor C1 , the power con- 
trolling circuit (CONT) 171 can sufficiently detect the 

5 power detection signal. Thus, the circuit can be practi- 
cally structured as an IC chip. 

Although the variable gain radio frequency amplifier 
(AMP) 1 205 formed as an IC chip also consumes a pow- 
er, it is sufficiently smaller than the power consumption 

10 of the power amplifier (PA) 151. Thus, the power con- 
sumption of the variable gain radio frequency amplifier 
(AMP) 1205 can be omitted in the transmitting portion. 

Next, with reference to Fig. 21 , the real structure of 
the variable gain radio frequency amplifier (AMP) 1205 

is will be described. 

Referring to Fig. 21, VDD2 is a voltage source. A 
positive electrode of a voltage source VDD2 is connect- 
ed to a base terminal of a transistor Ql. A negative elec- 
trode of the voltage source VDD2 is connected to a 

20 ground terminal GND of the IC chip. An emitter terminal 
of the transistor Q1 is connected to an input terminal in. 
In addition, the emitter terminal of the transistor Q1 is 
connected to a ground terminal GND1 through a varia- 
ble current source 11 . A gain control signal is sent from 

25 the gain adjustment terminal 1206 to the variable current 
source 1 1 . A collector terminal of the transistor Q1 is con- 
nected to a power supply terminal VDD1 of the IC chip 
through a load impedance Z1. In addition, the collector 
terminal of the transistor Q1 is connected to a base ter- 

30 minal of a transistor Q2 as a buffer. A collector terminal 
of the transistor Q2 is connected to the power supply 
terminal VDD1 . An emitter terminal of the transistor Q2 
is connected to the ground terminal GND1 through a 
constant current source 12. In addition, the emitter ter- 

35 minal of the transistor Q2 is connected to an output ter- 
minal an output terminal out through a capacitor C3 of 
the DC block. In this circuit structure, the gain G can be 
approximately obtained by the following expression. 

40 

G = gm (Q1 ) X Z1 = i1 ,dc x 21 / Vt (1) 

where i1 ,dc represents a current that flows in the varia- 
ble current source 11 ; and Vt represents a thermal volt- 
45 age. 

Thus, when the current it ,dc of the variable current 
sou rce 1 1 is varied corresponding to a gain control signal 
received from the gain adjustment terminal 1206, the 
gain of the signal received from the variable gain radio 
so frequency amplifier (AMP) 1205 can be adjusted. 

Next, based on the basic concept shown in Fig. 16, 
several examples of which the T/R switch and the sens- 
ing means are structured as an IC chip will be described. 

As one of the most common circuits of which the T/ 
55 R switch is structured as an IC chip, a single-pole-dual- 
throw (SPDT) switch is known. Fig. 22 shows a basic 
circuit of the SPDT switch IC chip. 

As shown in Fig. 22, the SPDT switch IC includes 
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a plurality of switch devices Q1 0 to Q1 3. The switch de- 
vices Q10 to Q1 3 are connected to various connection 
terminals disposed on an outer surface of the IC chip. 
The various connection terminals are for example a 
transmitting portion input terminal Tin, a receiving por- 
tion output terminal Rin, an antenna terminal ANT, a 
ground terminal GND1 , an input terminal contl , and an 
input terminal cont2. The antenna terminal ANT func- 
tions as an output terminal of the transmitting portion 
and an input terminal of the receiving portion. The an- 
tenna terminal ANT is connected to the antenna 101. 
The ground terminal GND1 is a ground terminal of the 
IC chip. Control signals that have a complementary re- 
lation are input to the input terminals contl and cont2. 
The control signals cause the receiving mode and the 
transmitting mode to be switched. When the signal level 
at the input terminal contl is high "H" and the signal level 
at the input terminal cont2 is low "L", the switch devices 
Q1 1 and Q1 2 are connected and the switch devices Q1 0 
and Q11 are disconnected. A signal received from the 
antenna terminal ANT is sent to the output terminal Rin 
of the receiving portion. 

On the other hand, when the signal level at the input 
terminal contl is low "L n and the signal level at the input 
terminal cont2 is high "H", the switch devices Q11 and 
Q12 are disconnected and the switch devices Q10 and 
Q1 3 are connected, a signal received from the inputting 
terminal Tin of the transmitting portion is sent to the an- 
tenna terminal ANT 

Fig. 23 shows a T/R switch I C chip of which a sens- 
ing circuit as a sensing means for sensing a signal pro- 
portional to the power of a transmission signal is dis- 
posed in the SPDT switch IC chip. 

Referring to Fig. 23, in the T/R switch IC chip 1200, 
a sensing means 1201 is connected between a source 
terminal of a switch device Q12 and a ground terminal 
GND1. The T/R switch IC device 1200 has a terminal 
out for outputting a detected result of the sensing means 
1201. 

Figs. 24 and 25 show real structures of the sensing 
means 1201. 

Referring to Fig. 24, as an example of the sensing 
means 1201, an impedance circuit Z is disposed be- 
tween a source terminal of a switch device Q12 and a 
ground terminal GND1 . The impedance circuit Z is com- 
posed of a resister, a capacitor, and/or an inductance 
that are connected in series or in parallel. In this exam- 
ple, a terminal out is connected between the impedance 
circuit Z and a source terminal of the switch device Q1 2. 

Next, the operation of the IC chip 1200 will be de- 
scribed. 

When a signal is transmitted, the signal level at the 
input terminal contl is low "L" and the signal level at the 
input terminal cont2 > high "H", the switch device Q12 
is disconnected. However, since an RF signal is input to 
the input terminal Tin of the transmitting portion, the ca- 
pacitor between the source terminal and the drain ter- 
minal of the switch device Q1 2 or the capacitor between 



the source terminal and the gate terminal and the ca- 
pacitor between the gate terminal and the drain terminal 
are connected in series, the RF signal leaks out from 
the terminal out. Since the leakage current flows in the 
s impedance Z, a voltage proportional to the leakage cur- 
rent takes place. Since the leakage current is propor- 
tional to the power of the RF signal, a signal proportional 
to the power of the RF signal can be obtained from the 
terminal out. 

10 Fig. 25 shows another example of the sensing 
means 1201. Referring to Fig. 25, a variable gain radio 
frequency amplifier (AMP) is connected between an im- 
pedance circuit Z and an output terminal out. The vari- 
able gain radio frequency amplifier (AMP) 1205 ampli- 

15 fiers a signal generated by the impedance circuit Z. The 
gain is adjusted with a gain control signal (for example, 
an applied voltage) received from a gain adjustment ter- 
minal 1206. 

Next, with reference to Fig. 26, a PA-IC chip of 
20 which a power amplifier (PA) 151 is structured as an IC 
chip will be described. Referring to Fig. 26, a power am- 
plifier (PA) 151, a sensing means 1201 , and an output 
power detecting means 1 202 shown in Fig. 1 7 are struc- 
tured as the PA-IC chip. 
25 in the PA-IC chip 1200, a signal proportional to a 
power to be detected is obtained from a terminal d1 . The 
signal is sent to a power controlling circuit (CONT) 171 
shown in Fig. 11. 

With the PA-IC chip 1 200 having the sensing means 
30 1201 and the output power detecting means 1202, a 
power can be sensed and detected. Thus, the size of 
the transmitting portion can be decreased. 

Next, with reference to Fig. 27, a T/R switch IC chip 
of which a T/R switch is structured as an IC chip will be 
35 described. Referring to Fig. 27, a T/R switch circuit, a 
sensing means 1201, and an output power detecting 
means 1202 are structured as the T/R switch IC chip. 

In this case, a signal proportional to an output power 
is obtained from a terminal dl as with the above-de- 
scribed example. The structure of the sensing means 
1201 is the same as the structure of the sensing means 
shown in Fig. 1 9, 20, 21 , 24, and 25. In this example, at 
least one of the power amplifier PA and the T/R switch 
is structured as an IC chip. 

With the T/R switch IC chip having the sensing 
means 1201 and the output power detecting Means 
1202, a power can be sensed and detected. Thus, the 
size of the transmitting portion can be decreased. 

Since the sensing means and the detecting means 
shown in Figs. 18, 23, 26, and 27 can detect a power 
that leaks out to the power supply or ground without 
need to connect them to an RF signal line, the power 
loss of the directional coupler and so forth can be sup- 
pressed. Thus, the power consumption of the transmit- 
ting portion can be decreased. 

Fig. 28 is a plan view showing an IC chip having a 
power sensing device and a power detector shown in 
Figs. 19 and 20. Fig. 29 is a sectional view taken along 
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line A - A of Fig. 28. 

As shown in Figs. 28 and 29, in the IC chip, a metal 
wire pattern 1402 as a first metal layer (inner layer) is 
formed in an insulation layer 1404. In addition, a metal 
wire pattern 1401 as a second metal layer (surface lay- 
er) is formed on the front surface of the insulation layer 
1404. The metal wire pattern 1401 is a power wire pat- 
tern for supplying a power to a power amplifier (PA) 151. 
The metal wire pattern 1402 is bent in an L letter shape. 
The bent edge of the metal wire pattern 1 402 is connect- 
ed to an output power detecting means 1202. 

In this case, since the metal wire pattern 1402 is 
disposed on the power wire pattern 1402 through the 
insulation layer 1404, a capacitance component is 
formed. An output power detecting means 1202 con- 
nected to the metal wire pattern 1402 detects the 
amount of variation of the capacitance as the amount of 
variation of the power. 

When a power sensing means or a power detecting 
means is disposed as an IC chip, for suppressing the 
loss, a metal layer is sometimes formed on the power 
wire pattern 1401 through an insulation layer so as to 
form a capacitance component and thereby capaci- 
tance-couple the power wire pattern 1 401 and the metal 
layer. 

However, in this embodiment, the metal wire pattern 
1402 formed in the insulation layer 1404 below the pow- 
er wire pattern 1 401 is varied so as to capacitance -cou- 
ple the power wire pattern 1 401 and the metal wire pat- 
tern 1402. 

Generally, a wire for supplying a power (namely, the 
power wire pattern 1401) is formed in the IC chip with 
as large area as possible. In addition, the area of the 
metal wire pattern 1402 formed in the insulation layer 
1404 is less restricted. Thus, since the area of the ca- 
pacitor composed of the first and second layers can be 
increased, a power leakage can be easily detected. This 
condition is convenient for detecting the power. It should 
be noted that even if the first layer and the second layer 
are reversely formed, the same effect can be obtained. 
As shown in Fig. 30, the coupling capacitance is varied 
.by adjusting the wire pattern widths of the metal wire 
patterns 1402 and 1401 so that the wire pattern width 
of the metal wire pattern 1402 is narrower than the wire 
pattern width of the power wire pattern 1401. Alterna- 
tively, as shown in Fig. 31 , the coupling capacitance is 
varied by adjusting the wire pattern widths of the metal 
wire patterns 1402 and 1401 so that the wire pattern 
width of the metal wire pattern 1402 is wider than the 
wire pattern width of the power wire pattern 1 401 . In ad- 
dition, as shown in Fig. 33, the coupling capacitance is 
varied by changing the forming direction of the metal 
wire pattern 1 402 and thereby varying the overlap area 
between the metal wire patterns 1402 and 1401. 

Last, with relerence to Fig. 34, an antenna of the 
portable radiotelephone apparatus (hereinafter referred 
to as portable radio apparatus) according to another em- 
bodiment of the present invention will be described. Fig. 



34 is a block diagram showing the structure of the port- 
able radio apparatus according to the embodiment of 
the present invention. 

Referring to Fig. 34, the portable radio apparatus 

s comprises a casing 1500, a radio circuit 1501 , a match- 
ing circuit 1502, a controlling circuit 1503, an ampere 
meter 1504, a power supply circuit 1505, a current 
measuring probe 1506, and a transmitting amplifier 
1509. The radio circuit 1501 comprises frequency con- 

10 verters 157 and 158 and a variable attenuator 152 
shown in Fig. 1 1 . An antenna 101 extrudes from the cas- 
ing 1500. 

The power supply circuit 1505 supplies a power to 
the radio circuit 1501, the transmitting amplifier 1509, 

is and the controlling circuit 1503. The radio circuit 1501 
modulates a supplied power and generates information 
signal at a transmission frequency. The information sig- 
nal is sent to the transmitting amplifier 1 509. The trans- 
mitting amplifier 1509 amplifies the received signal and 

20 sends the amplified signal to the antenna 1 01 . The am- 
plified signal is transmitted from the antenna 101 . How- 
ever, part of the transmitted signal is sent back to the 
transmitting amplifier 1509 as a reflected wave. Thus, 
the gain and efficiency of the transmitting amplifier 1 509 

25 fluctuate, thereby causing the current consumption to 
fluctuate. The fluctuation of the current consumption is 
measured by the ampere meter 1504. The measured 
current level is sent to the controlling circuit 1 503. 

As fluctuation situations of the transmitting amplifier 

30 1 509, the amount of current that flow in the transmitting 
amplifier 1509 increases or decreases. For simplicity, in 
the following description, it is supposed that the amount 
of current simply fluctuates. The controlling circuit 1 503 
receives a signal from the ampere meter 1 504 and elec- 
ts trically adjusts a variable portion of the matching circuit 
1502 corresponding to the signal. An example of the var- 
iable portion is a variable capacitance of such as a sem- 
iconductor switch or a semiconductor. 

Next, experimental results of the characteristic of 

40 the antenna 101 in the operation state of the portable 
radio apparatus will be described. 

Fig. 35 is a perspective view showing a radio appa- 
ratus model corresponding to the portable radio appa- 
ratus shown in Fig. 34. Figs. 36 to 38 are graphs show- 

45 jng measured results of the radio apparatus model 
shown in Fig. 35. 

Referring to Fig. 35, the radio apparatus model 
comprisesa casing 1500, a speaker 1511, a microphone 
1512, an antenna cover 1514, and a radio circuit 501. 

50 The speaker 1511, the microphone 1512, and the an- 
tenna cover 1514 are disposed on the casing 150. The 
radio circuit 1501 has a transmitting amplifier 1509. A 
coil-shaped antenna (helical antenna) 101 is disposed 
in the antenna cover 1514. 

55 A power feeder is connected from an external con- 
stant voltage source 1510 to the casing 1500 so as to 
supply a power to the radio circuit 1 501 . A current con- 
sumed in the radio apparatus model was measured with 
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an ampere meter 1513 of the constant voltage source 
1510. A matching circuit 1502 is simulated by directly 
varying parameters of the antenna 101. The operation 
frequency of the radio apparatus model is around 2 
GHz. The length of the casing 1 500 is equal to one wave 
length(X). The width of the casing 1500 is around 1/4 of 
one wave length. The thickness of the casing 1 500 is 
around 1/20 of one wave length. The length of the an- 
tenna 101 is around 1/10 of one wave length. 

Fig. 36 is a graph showing the relation between the 
operation states and the current consumption of the ra- 
dio apparatus model. Fig 37 is a graph showing a reflec- 
tion coefficient at an input edge of the antenna 101 in 
individual operation states. Fig. 38 is a graph showing 
the relation between individual operation states and av- 
erage power on horizontal plane radiated from the radio 
apparatus model. 

Figs. 36 and 37 show that the reflection coefficient 
of the antenna 101 varies corresponding to the individ- 
ual operation states of the radio apparatus model and 
that the current consumption of the transmitting ampli- 
fier 1509 varies corresponding to the individual opera- 
tion states. Fig. 38 shows that the radiation power of the 
antenna 101 decreases in the order of the standby state, 
the holding state, and the communicating state. These 
phenomena represent that the antenna 101 is a load of 
the transmitting amplifier 1 509. In other words, when the 
load varies, the operation state of the power amplifier 
PA and so forth varies. Thus, the current consumption 
increases. It is clear that the fluctuation of the load is 
caused by the body of the user. 

Thereafter, the antenna parameters are optimized 
corresponding to the current value. The current con- 
sumption increases in the order of the standby state, the 
holding state, and the communicating state. Thus, to de- 
crease the current consumption as in the standby state, 
antenna parameters should be properly changed. In this 
experiment, as an antenna parameter, the antenna 
length was varied. This is because when the antenna 
length is varied, the response frequency of the antenna 
10 can be varied. Experimental results show that when 
- the antenna length decreases, the current consumption 
decreases. In the state that the antenna shrinks, the ra- 
diation power increases by around 2 dB in comparison 
with the state that the antenna does not shrink. Thus, 
experimental results show that the deterioration of the 
characteristics of the antenna 101 becomes small in the 
method according to the present invention. 

In the experiment, the antenna length was adjusted. 
Alternatively, the characteristics of the matching circuit 
1502 can be varied. Fig. 39 shows a real structure of 
which the characteristics of the matching circuit 1502 
are varied. 

Referring to Fig. 39, the matching circuit 1 502 com- 
prises an antenna device 1521, a variable capacitor 
1522, a capacitor 1523, an inductor 1 524, a variable re- 
sistor 1525, a controlling power supply 1526, a radio fre- 
quency source 1527, and a resistor 1528. 



The length of the antenna device 1521 is shorter 
than 1/4 of one wave length. Thecapacitor 1523 is a low 
pass capacitor for preventing a current of the controlling 
power supply 1526 from flowing to the radio frequency 

s source 1 527. The inductor 1 524 is a coil for preventing 
a radio frequency signal from flowing to the controlling 
circuit 1503. The variable resistor 1525 controls the volt- 
age applied to the antenna device 1521. The variable 
capacitor 1522 is a capacitance that takes place in the 

10 matching circuit 15.02. 

In this case, when the value of the variable resistor 
1525 is varied, the value of the variable capacitor 1522 
is varied. The increase of the value of the variable ca- 
pacitor 1522 is equivalent to the increase of the length 

15 of the antenna device 1 521 , thereby decreasing the res- 
onance frequency. The decrease of the value of the var- 
iable capacitance 1 522 is equivalent to the decrease of 
the length of the antenna device 1521 , thereby increas- 
ing the resonance frequency. Thus, when the response 

20 frequency of the antenna device 1521 is varied, the 
matching condition can be varied. 

Consequently, according to the portable radio ap- 
paratus according to the embodiment of the present in- 
vention, when the body of the user approaches the an- 

25 tenna, the characteristics of the antenna can be im- 
proved. 

According to the above-described embodiments, 
the current consumption of the portable radio apparatus 
can be decreased. In addition, the efficiency of the port- 

30 able radio apparatus can be improved. Moreover, a non- 
time varying DC offset and a time-varying DC offset that 
cause an error ratio of the receiving portion to increase 
can be removed. Furthermore, the size of the portable 
radio apparatus can be decreased. In addition, a blank 

35 channel can be searched at high speed. 

As described above, according to the present in- 
vention, the receiving portion of the radio apparatus de- 
tects the power of the system band and the power of a 
desired wave and controls the current consumption cor- 

40 responding to the detected results. Thus, the power con- 
sumption of the radio apparatus can be decreased. 
When the receiving portion has an AC coupling capac- 
itor, the deterioration of the frequency characteristic is 
compensated with the characteristic of the capacitor. 

45 Consequently, a DC offset that deteriorates the error ra- 
tio of the received signal can be removed. In addition, 
since the power of a reflected wave by a reflector is de- 
tected by the directional couplerand each circuit portion 
that generates a DC offset is controlled corresponding 

so to the reflected power and the transmitted power, a time- 
varying DC offset can be removed. 

Since the synthesizer portion widens the band of a 
loop filter for searching a blank channel, it can search a 
blank channel at high speed. 

55 When the synthesizer portion detects many blank 
channels, it causes the radio apparatus to operate in a 
low power consumption mode. Thus, the power con- 
sumption of the radio apparatus can be decreased. 
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With respect to the transmitting portion, since the 
power sensing means and the power detecting means 
are structured as an IC chip, the size ot the transmitting 
portion can be decreased. In addition, a directional cou- 
pler that causes a transmission power loss can be omit- 
ted. Thus, the power consumption of the radio appara- 
tus can be decreased. 

With respect to the antenna, the operating current 
of the power amplifier is detected. The matching circuit 
of the antenna is varied corresponding to the operating 
current. Thus, the deterioration of the characteristic of 
the antenna can be compensated in individual operation 
states of the radio apparatus. Consequently, the power 
consumption of the radio apparatus can be decreased. 
In addition, the performance of the radio apparatus can 
be improved. 

Although the present invention has been shown and 
described with respect to a best mode embodiment 
thereof, it should be understood by those skilled in the 
art that the foregoing and various other changes, omis- 
sions, and additions in the form and detail thereof may 
be made therein without departing from the spirit and 
scope of the present invention. 



Claims 

1. A radio apparatus, comprising: 

receiving means for receiving a radio signal in 
a system band used in a radio system; 
synthesizing means for sending at least all de- 
sired frequency signals in the system band to 
said receiving means; 

blank channel detecting means for detecting a 
blank channel of the system band; and 
controlling means for widening a loop band 
width of a PLL (Phase Lock Loop) of said syn- 
thesizing means while said blank channel de- 
tecting means is detecting a blank channel. 

^2. A radio apparatus for repeatedly transmitting and 
receiving a predetermined number of slots with a 
plurality of radio frequency signals available in a ra- 
dio system band and data communication using a 
blank slot, comprising: 

a phase synchronizing circuit having: 
a phase comparator for generating a voltage 
corresponding to the phase difference between 
the phase of a reference signal and the phase 
of a comparing frequency divided signal, and 
a voltage controlling oscillator for generating a 
frequency corresponding to a control voltage; 
a first loop filter for causing said phase synchro- 
nizing circuit to perform a phase synchronizing 
operation at predetermined speed; 
a second loop filter for causing said phase syn- 



chronizing circuit to perform the phase synchro- 
nizing operation at higher speed than the pre- 
determined speed; and 
a loop filter selecting means for connecting said 
5 first loop filter to said voltage controlling oscil- 

lator in the period of one of the slots that is used 
for a communication and for connecting said 
second loop filter to said voltage controlling os- 
cillator when the period of the slot is over. 

io 

3. The radio apparatus as set forth in claim 2, 

wherein a blank channel is searched while 
said loop filter selecting means is connecting said 
second loop filter to said voltage controlling oscilla- 
15 tor. 

4. A radio apparatus, comprising: 

receiving means for receiving a radio signal in 
20 a system band used in a radio system; 

power detecting means for detecting a power 
consumed in a band that covers at least the 
system band; and 

controlling means for decreasing a current con- 
25 sumption of said receiving means when the 

amount of power detected by said power de- 
tecting means is equal to or less than a prede- 
termined value. 

30 5. The radio apparatus as set forth in claim 4, 

wherein said controlling means obtains the 
difference between the amount of power detected 
by said power detecting means and the amount of 
power detected in a band of a desired channel or 

35 the ratio thereof and compares the difference or ra- 
tio with a predetermined value so as to control the 
current consumption of said receiving means. 

6. The radio apparatus as set forth in claim 4 : 

40 wherein said power detecting means detects 

the amount of overall power in a band that covers 
at least the system band and the amount of power 
of a band of a desired channel, subtracts the 
amount of power in the band of the desired channel 

45 from the amount of overall power, and subtracts 
thermal noise that takes place in the system band 
from the subtracted value. 

7. The radio apparatus as set forth in claim 1, further 
50 comprising: 

power controlling means for causing at least 
one of currents consumed by a low noise amplifier 
and a frequency converter disposed in said receiv- 
ing means when the number of detected channels 
55 j s equal to or larger than a predetermined value. 

8. A radio apparatus having a frequency converter, a 
low frequency amplifying, and an analog/digital 
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converter fc erectly converting the frequency of an 
RF signal received by an antenna into a baseband 
signal, comprising: 

reflection detecting means for detecting at least 
one of a reflection coefficient of the antenna 
and a reflection power of the power amplifier 
when an RF signal is transmitted; and 
controlling means for controlling at least one of 
DC offsets of the frequency converter, the low 
frequency amplifier, and the analog/digital con- 
verter corresponding to the antenna reflection 
coefficient or the antenna reflection power de- 
tected by said reflection detecting means. 

9. The radio apparatus as set lorth in claim 8, further 
comprising: 

storing means for storing a conversion value 
corresponding to a reflection coefficient or a re- 
flection power detected by said reflection de- 
tecting means; and 

means for reading a conversion value corre- 
sponding to a detected value of a reflection co- 
efficient or a reflection power detected by said 
reflection detecting means from said storing 
means and subtracting or adding the conver- 
sion value from or and a value detected by said 
analog/digital converter. 

10. A radio apparatus having a frequency converter, a 
low frequency amplifying, and an analog/digital 
converter for directly converting the frequency of an 
RF signal received by an antenna into a baseband 
signal, comprising: 

reflection detecting means for detecting at least 
one of a reflection coefficient of the antenna 
and a reflection power of the power amplifier 
when an RF signal is transmitted; 
storing means for storing the value of the re- 
flection coefficient or reflection power detected 
by said reflection detecting means; and 
controlling means for controlling at least one of 
DC offsets of the frequency converter, the low 
frequency amplifier, and the analog/digital con- 
verter corresponding to the antenna reflection 
coefficient or the antenna reflection power 
stored in said storing means when the RF sig- 
nal is received. 

11. A radio apparatus for tandem-connecting structural 
elements that are at least a frequency converter, a 
filter, and analog/digital converter through respec- 
tive capacitors and directly converting the frequen- 
cy of an RF signal received from an antenna to a 
baseband signal, comprising: 

processing means for adding a digital signal 



with inverse characteristics of frequency character- 
istics of the capacitors to a digital signal converted 
by the analog/digital converter. 

5 12. The radio apparatus as set forth in claim 11 , 

wherein said processing means comprises: 
storing means for storing data of the frequency 
characteristics of the capacitors; and 
w means forgenerating the inverse characteris- 

tics corresponding to the data of the frequency 
characteristics stored in said storing means. 

13. The radio apparatus as set forth in claim 11, further 
is comprising: 



20 



measuring means for measuring AC coupling 
frequency characteristics ol the capacitors 
among the structural elements; and 
calculating means for calculating the inverse 
characteristics of the capacitors corresponding 
to the frequency characteristics measured by 
said measuring means. 



25 14. A radio apparatus, comprising: 



a transmitting portion having a power amplifier 
for sending a radio signal to an antenna; 
a receiving portion for receiving a radio signal 
from the antenna; 

a transmission/reception switch for selecting 
one of said transmitting portion or said receiv- 
ing portion; 

transmission power detecting means, connect- 
ed or capacitance-coupled to a power supply 
portion of the power amplifier of said transmit- 
ting portion, for detecting a transmission power 
corresponding to a fluctuation of the power sup- 
ply portion, the fluctuation taking place when a 
radio signal is transmitted; and 
controlling means for determining a transmis- 
sion power of the transmitting portion corre- 
sponding to a transmission power detected by 
said transmission power detecting means. 
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15. The radio apparatus as set forth in claim 14, 

wherein said transmission power detecting 
means is sensing means for sensing the amount of 
fluctuation of the power of the power supply portion. 

16. The radio apparatus as set forth in claim 15, 

wherein said sensing means is one of a diode, 
a capacitor, and a resistor. 



ss 17. The radio apparatus as set forth in claim 14, 

wherein said transmission power detecting 
means comprises: 
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sensing means for sensing the amount of fluc- 
tuation of the power of the power supply por- 
tion; and 

frequency converting means for converting a 
signal sensed by said sending means into a low 
frequency signal. 

18. The radio apparatus as set forth in claim 17, 

wherein said sensing means is one of a diode, 
a capacitor, and a resistor. 

19. The radio apparatus as set forth in claim 14, 

wherein one of an IC chip of the power ampli- 
fier or an IC chip of said transmission/reception 
switch has said transmission power detecting 
means. 

20. The radio apparatus as set forth in claim 19, 

wherein the transmission/reception switch is a 
single-pole-dual-throw circuit, and 
wherein said transmission/reception detecting 
means detects a leakage current of the single- 
pole-dual-throw circuit. 

21. The radio apparatus as set forth in claim 20, 

wherein a transmission power input terminal 
is connected to a drain (source) terminal of a shunt 
transistor, a source (drain) terminal of the shunt 
transistor being connected to a first terminal of a 
two-terminal impedance circuit composed of a re- 
sistor, a capacitor, or an inductance, a second ter- 
minal of the two-terminal impedance circuit being 
connected to ground, a control signal being sent to 
a gate T terminal of the shunt transistor, a current 
corresponding to the leakage current being detect- 
ed from the first terminal so as to detect a leakage 
current of the single-pole-dual-throw circuit. 

22. The radio apparatus as set forth in claim 1 9, 

wherein one of the power amplifier or said 
transmission/reception switch is structured as 
an IC chip, and 

wherein said transmission power detecting 
means comprises: 

a first metal wire pattern formed in the IC chip 
mainly composed of an insulation layer; and 
a second metal wire pattern, formed on the first 
metal wire pattern through the insulation layer, 
for supplying a power. 

23. The radio apparatus as set forth in claim 22, 

wherein the first metal wire pattern in the IC 
chip is varied so as to designate capacitance for de- 
tecting the power. 

24. A radio apparatus, comprising: 



a radio circuit for sending a signal to be trans- 
mitted to an antenna through a transmitting am- 
plifier; 

a power supply circuit for sending a power to 
s said radio circuit and the transmitting amplifier 

through a feeder; 

an ampere meter connected to the feeder; and 
antenna characteristic varying means for vary- 
ing a matching characteristic of the antenna 
10 corresponding to a current value detected by 

said ampere meter. 
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